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1. Introduction
  Traumatic brain injury (TBI) is the leading causes of human 
death and disability in modern industrialized society[1]. The 
injury degree of brain function, the risk of complication, 
prognosis and the selection of clinical treatment are 
all closely related to the degree of trauma. Therefore, 
basic research of different degree of brain trauma is very 
important. Currently, there are many methods to produce 
traumatic brain model, inducing free-fall method[2], 
negative pressure wound therapy[3], impact method of 
acceleration[4] and controlled cortical impact (CCI)[5], etc. 
However, it is still not unified to establish the quantitative 
criteria of different degree of trauma in animal model. 
Hence it brought the differences of research, so it is very 
necessary to establish quantitative and normative degree 
of injury in animal model. CCI has advantages of accurate 
Objective: To establish stable and controllable brain injury with accurate degree and good 
repeatability in rat model. Methods: Controlled cortical impact (CCI) device was used to prepare 
for the rat brain injury model by the impact head of different model (Group A No. 4, Group B No. 5, 
Group C No. 6) and the impact depth (Group A: 1.5-2.0 mm, Group B: 2.5-3.0 mm, Group C: 3.5-4.0 
mm) with impact time of 0.1 s and impact velocity of 2.5 m/s. Twelve rats with three months of age 
were used in each group (the impact depth of every two rats was added 1 mm respectively). After 
modeling for 1 h, magnetic resonance imaging (MRI) was received and brain histopathology was 
observed to assess degree of injury by model parameters of three groups. Results: After modeling 
of Group A, MRI showed that the cortex structure was damaged with a small amount of bleeding 
in center and mild edema around, and the total volume of injury was (28.69暲4.94) mm
3. Pathology 
revealed the injury was confined to the superficial cortical with mild edema of nerve cell, which 
was assessed as mild cerebral contusion. While after modeling, MRI of Group B showed that the 
structure of cortex and medulla were damaged simultaneously and extended to cerebral nuclei 
zone, with 4 cases of hematoma in the center and larger edema range around, and the total volume 
of injury was (78.38暲9.28) mm
3. Pathology revealed the injury range was reached nuclei zone, 
with swell of nerve cell and mitochondria, which was assessed to moderate cerebral contusion. 
After modeling of Group C, MRI showed that extensive tissue injury was appeared in cortex and 
medulla and deep nuclei, with 9 cases of hematoma and large edema signal of surrounding tissue 
T2WI, while in 5 cases, lateral nucleus of injury signal was increased, and the total volume of 
injury was (135.89暲24.80) mm
3. Pathology revealed the deep cerebral nuclei was damaged, with 
the disappearance of neuronal structure and vacuolization of mitochondria, which was assessed as 
severe cerebral contusion. MRI changes were consistent with pathological changes in three groups 
of model, and the injury range was significantly different (P<0.01). Conclusions: Application of 
CCI can make stable quantitative traumatic brain injury model, which overcomes the randomness 
in previous injury model and possesses highly unity in iconography and pathology changes. This 
can provide quantitative modeling reference for clinical research.
IF: 0.926
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quantitative, small elastic injury, high repeatability and is 
less affected by Individual difference factors. The present 
study aims to establish the rat brain injury model of different 
degree and to further assess its reliability. 
2. Materials and methods
2.1. Experimental animal and grouping
  Healthy SD rats (n=36) aged 30 weeks of either gender 
(weighting 220-250 g) were provided by Laboratory Animal 
Center of Sichuan University [animal license SCXK (Chuan) 
2008-24). Rats were feed in separate cages at 22-25 曟 in 12 h:
12 h light: dark cycle with food and water ad libitum. Rats 
were randomly divided into three groups (Groups A, B and C) 
of 12 each for model production. 
2.2. Model production of traumatic brain injury
  Rats were anesthetic by intraperitoneal injection of 
3% chloral hydrate (3 mL/kg) and head hair was shaved 
by electricity push knife. Head was placed in standard 
stereotaxic frame, fixed by portals and incisor, and cut 10 mm
near the midline to expose bregma and lambda. The skin and 
fascia was cut to perform craniectomy at right temporal and 
parietal cortex by electric rotary drill bit (0.75 mm Bits). Then 
it was washed by normal saline with intervals to decrease 
the heat produced in the process of the bone drill. When 
close to skull, operation was performed carefully to avoid 
the injury of endocranium. The impact head and dura mater 
of rats were impacted in the angle to of 15氌 (considering 
the degree of curvature of the rat skull), and was aligned at 
the impact of the right edge and midline seam, while the 
back edge was aligned at horizontal component of lambda. 
The impact location moved 3 mm forward and move 2.7 
mm to the right. CCI device (Hatteras, USA) was controlled 
by computer and equipped solenoid drive impactor with 
the steel tip of 3.0 mm diameter to install on stereotaxic 
apparatus (electric pulse produced by the contact of impact 
head and endocranium). Impact parameter was shown in 
Table 1. Then the incision was sewn up with silk 4.0. All the 
surgeries were performed under aseptic conditions. After 
surgery, rats were placed on constant temperature heating 
pad to maintain body temperature until fully awake.
Table 1 
Impact parameter.
Group I mpac t  dep th 
(increasing 1 mm 
every 2 rats)
Impact head 
(diameter)
Impact time Impact velocity
A 1.5-2.0 mm No. 4 (3 mm) 0.1 s 2.5 m/s
B 2.5-3.0 mm No. 5 (4 mm) 0.1 s 2.5 m/s
C 3.5-4.0 mm No. 6 (5 mm) 0.1 s 2.5 m/s
2.3. MR examination
  Respiratory monitoring pad (SA Instruments, Inc., Stony 
Brook, NY) was put in rat’s abdomen to monitor respiratory 
status. Constant temperature air at 37 曟 was blew through 
MR aperture to keep warm. Imaging device was used Bruker 
7T BioSpin MR Spectrometer (Bruker, Germany), with the 
surface pulse coil of 24 lanes. The imaging sequence were 
T2WI:TR:1 200.0 ms, TE: 50.0 ms, matrix: 256暳256, number 
of excitation: 4, depth of stratum 1.0 mm, interlamellar 
spacing 0.00 mm, FOV: 3.6 cm暳3.6 cm.
2.4. Calculation of injury volume of brain tissue after CCI 
modeling for 1 h
  Three models were received MRI examination before 1 h 
of biopsy, and injury volume was calculated by MRI T2WI 
image. Calculating method: workstation was processed 
after T2WI data were transferred, with axial view manual 
painting high signal edge (offside and deep nucleus injury 
were also included). Injury area was generated automatically 
by system, multiplied by the depth of stratum, calculated 
volume of each depth of stratum in order from top to bottom 
(abnormal signal from beginning to end), and then the total 
injury volume was calculated: Total volume=暺depth of 
stratum暳S (area).
2.5. Observation of pathology
  In order to verify whether the pathologic change of brain 
tissue conformed to the mild, moderate and severe brain 
injury in injury model of three groups, after 1 h of modeling, 
2 rats of mild, moderate and severe injury were randomly 
performed with deep anesthesia, respectively. 0.9% sodium 
chloride for animals (containing 1 000 U/L heparin) and 4% 
paraformaldehyde (pH 7.4) were used for heart perfusion. 
Then rats were decapitated and whole brains were collected. 
Coronary slice of 30 毺m thickness from olfactory bulb to 
the medulla oblongata were obtained by frozen section. 
The brain slices were put with cryoprotectant in freezer at 
-20 曟, then stained with H&E. Optical microscope (OM) 
and transmission electron microscopy (TEM, EX-2000) were 
used to observe the structural and morphological changes of 
nerve cell and organelle, respectively.
3. Results
3.1. General data
  After surgery, all the rats of Group C occurred apnea with 
different degrees (2-3 s), while Group B occurred 2 cases, 
and no apnea was found in Group A. Three cases of Group 
C died (2 were dead within 24 h, and 1 was dead within 72 
h). In Group B, 1 was dead within 24 h, while others were 
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survived to 30 days of follow-up period. Injury incidence of 
Groups A-C was 100.00%, 91.67%, 75.00%, respectively.
3.2. MRI manifestation and mild, moderate and severe injury 
of gross specimen in three groups of model
  MRI imaging manifestation is shown in Figure 1. T2WI 
image of three groups of model showed that different degrees 
of high signal was appeared in injury area, with the damage 
volume of Group C>Group B> Group A (P<0.001). After 1 h,
Group A showed the injury of cortical tissue structure 
with 1 case (1/12) of a small amount of bleeding and mild 
edema signal around the lesion area. Group B showed 
that the structure of cortex and medulla were damaged 
simultaneously and extended to cerebral nuclei zone with 
4 cases (4/12) of bleeding, hematoma and moderate edema 
signal around the lesion area, 3 cases having edema signal in 
deep nuclei. Group C expressed that extensive tissue injury 
was appeared in cortex and medulla and deep nuclei, with 9 
cases (9/12) of hematoma, clear signal around the lesion area, 
and different degree of edema in deep nuclei, while different 
range of edema was appeared in 6 cases of contralateral 
injury, among which 4 were combined with contralateral 
damaged area along the cortex fibre. The range and extent of 
damage of MRI in three groups of model complied with mild, 
moderate and severe brain injury change.
  Gross specimen manifestation from the naked eye is shown 
in Figure 1. In Group A, fracture and bleeding were present 
in superficial brain tissue, while brain parenchyma was 
present as subdural hemorrhage with plate shaped. In Group 
B, the injury area was increased with the cortex of large 
splinter hemorrhage. In Group C, brain tissue was swelling 
with limitation, and part of medulla showed ectropion with 
obvious bleeding where the injury surface was crimson.
T1WI
T1WI
 Mild                                     Moderate                             Severe
Figure 1. Gross specimen manifestation from the naked eye.
3.3. Changes in histopathology
  In Group A, lesion was confined to the superficial cortex 
of brain injury, which showed mild subdural hemorrhage 
and a small amount of subarachnoid hemorrhage. Electron 
microscope showed swell of vascular endothelial cell 
and mitochondria, conforming to change of mild damage. 
In Group B, lesion was widely distributed with cerebral 
hemisphere being mainly damaged in which the injury 
degree exceeded cerebral cortex. So it is clear that subdural 
and subarachnoid hemorrhage were obvious. Electron 
microscopy showed the swell of nerve cell and mitochondria 
and the vacuolation of mitochondria, conforming to 
change of moderate damage. While in Group C, lesion was 
spread to contralateral brain tissue in which injury degree 
could reached deep structures such as basal ganglia and 
hippocampus. Nuclei were darker, nucleolus was blurred, 
and lesion of deep brain issue was obvious. Electron 
microscope showed that nerve cell in cerebral cortex and 
nucleus area was swelling, protuberance was increased, 
neurogliocyte, endothelial cells and pericyte were all 
swelling, nerve cell was almost lost structure, mitochondria 
were all in vacuolation, and ribosome lost severely, that was 
conformed to change of mild damage (Figures 2 and 3).
 Mild                                     Moderate                                 Severe
Figure 2. Pathology observation of H &E.
 Mild                                    Moderate                                 Severe
Figure 3. Changes in histopathology
Mild: Swell of vascular endothelial cell and mitochondria; Moderate: 
swell of nerve cell and mitochondria, and vacuolation of mitochondria; 
Severe: endothelial cells and pericyte were swelling, nerve cell was 
almost lost structure, mitochondria were all in vacuolation, and 
ribosome lost severely-necrosis.
4. Discussion
  The present study established three groups of model 
(Groups A, B and C) with different degree of injury by CCI. 
Through MRI observation and pathology certification, it was 
found that three groups were conformed to mild (Group A), 
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moderate (Group B) and severe (Group C) respectively in 
injury model of rats
  Currently, CCI device is widely used as a tool for 
production of animal injury model. It is an important tool 
for quantization of different injury degree in animals by 
changing impact depth, impact range and impact velocity of 
impact head, which is widely used in production of animal 
injury model among rodents[5-11]. It has been reported 
that impact velocity will cause the change of injury at 
different levels and types. However, in the clinical work, it 
is hard to control the injury accurately related to velocity 
and action time, and relatively injury depth and range are 
more intuitional in clinical diagnosis and treatment and 
research since injury depth and range can be measured 
accurately through all kinds of instruments and equipment 
(including CT , MRI and so on). Hence, it is more valuable 
to produce degree models with different injury depth and 
range for clinical targeted therapy. Nevertheless, there is 
no normalized parameter of damage degree for reference at 
present time. The injury parameter was single in previous 
studies[8], which ignored the errors caused by parameter 
change and individual differences. Therefore, this study 
established a degree model divided by impact depth and 
impact range through change of the impact head size and 
change of impact depth in random interval, and assessed its 
feasibility for reference in correlated clinical research.
  In addition to the advantages of being quantifiable and 
good repeatability, a good brain injury degree model should 
satisfy the reliability of degree differences and the demand 
of clinical relevant research. Hence, this study has carried 
out relevant assessment by quantifiable establishment of 
the damage degree model. Radioactive medicine is the 
important foundation in rapid development of modern 
neurosurgery medicine, and is the important tool of 
diagnosis and treatment and follow-up visit for TBI patients, 
which can provide the important information including brain 
injury range, degree and prognostic evaluation, etc[12-16]. CT 
is most widely applied in brain injury, but its resolution is 
less than MRI[15,16]. MRI technology has the characteristics 
of sensitive for brain hemorrhage, peripheral edema and 
less obvious injury zone. Therefore, animal degree model 
of brain injury was included to the assessment indicators 
in the present study, of which T2WI in brain damage range, 
degree of encephaledema and if combing acute bleeding 
were relatively sensitive[17]. Through T2WI imaging results, 
MRI image in the three groups of model showed that the 
damage range increased obviously with the increase of 
damage degree, and acute bleeding range and probability 
also increased obviously. This is connected with the 
increase of CCI probe area and the increase of the damage 
probability of cortical feeding artery by impact depth. And 
the data showed that after modeling of 1 h, encephaledema 
around the area in the three groups of model can express 
significant difference, which was consistent with the results 
of our previous work that early injury can form clearer 
angioedema[18]. It is worth noting that MRI can also reflect 
the brain issue area which is not directly damaged (we call 
it the indirect injury area). In the present study, indirect 
injury area increased with the increase of damage degree in 
the three groups of model, and the indirect injury area often 
reflected some rules, that was indirect injury area of severe 
injury group was often in ipsilateral deep nuclei (6/12) and 
contralateral cortex (7/12), small part was in contralateral 
deep nuclei (3/12), moderate injury group was only in 
contralateral cortex, and mild injury group was not found in 
which signal limitations were increased in MRI. It may be 
due to ipsilateral deep nuclei caused contrecoup, and right 
side cortex of contralateral cortex was damaged by traction, 
while the reason of contralateral deep nuclei needed further 
study. Hence, it was confirmed by MRI that three groups of 
model was conformed to the change of mild, moderate and 
severe brain injury model in imaging change.
  Subsequently, we observed the change differences of the 
three groups of model by pathology. The results showed 
that pathological change was highly consistent with image 
feature, and visible difference was formed in damage 
degree. The injury of Group A was mainly confined to 
pallium structure, which showed mild subdural hemorrhage 
and small amount of subarachnoid hemorrhage. Vascular 
endothelial cell and mitochondria were swelling under 
the electron microscope, showing that the injury area 
was relatively limited only with cortex involvement, and 
degree of nerve cell injury was mild, thus accorded with 
change of mild damage. The lesion range of Group B was 
obviously increased compared to mild group. The damage 
degree exceeded cerebral cortex and arrived in deep nuclei. 
Subdural and subarachnoid hemorrhage was evident. The 
electron microscope showed the swell of nerve cell and 
mitochondria and the vacuolation of mitochondria, which 
indicated the damage degree involved in deep brain and 
part of the nerve cells were damaged clearly, thus accorded 
with change of moderate damage. While in Group C, in 
addition to the obvious increase of the ipsilateral injury 
range, injury was also involved in lateral brain issue to 
some degree. The damage depth can arrive in deep nuclei 
where lesion of deep brain issue was obvious. The electron 
microscope showed that cerebral cortex, neurogliocyte of 
deep nuclei, endothelial cells and pericyte were all swelling 
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obviously, and cleft around nervous tissue, almost loss of 
nerve cell structure, vacuolation of whole mitochondria, and 
severe loss of ribosome illustrated the damage range of brain 
tissue was wide, contrecoup was found in contralateral brain 
tissue, and extensive irreversible injury and structural injury 
were appeared in nerve cells, thus accorded with change of 
severe damage.
  In conclusion, the present study established a quantifiable 
three-dimensional injury model (mild, moderate and 
severe) by changing the size of impact probe and impact 
depth, and the image and pathological observations were 
carried out. The results showed that the three-dimensional 
injury model had significant difference in image features 
and pathological change. The damage degree was highly 
consistent with image change and pathological damage 
degree, thus illustrating the established scheme of the three 
groups of model is accurate and reliable and can be applied 
in clinically relevant experimental study.
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